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1.  Introduction 

The  cumulative  average  learning  curve  theory  presumes 
that  as  the  quantity  doubles  the  cumulative  average  cost 
decreases  by  a  constant  percentage. 

The  unit  learning  curve  theory  presumes  that  as  the 
quantity  doubles  the  unit  cost  decreases  by  a  constant 
percentage.  Both  of  these  theories  are  based  upon 
observations  of  aircraft  manufacturing  plants. 

In  so  far  as  it  concerns  Amy  weapon  systems 
manufacturing  cost,  I  think  cost  analysts  should  be  using  the 
following  basic  estimating  equation 

COST  -  FUC  *  (  QC  ''  B  )  *  {  QA  ^  C  ) 

where 

COST-  average  unit  manufacturing  cost 
FUC  -  first  unit  cost 
QC  ■■  cumulative  production  quantity 
B  -  exponent  of  learning  slope 

QA  ■  annual  production  quantity,  or  annual  production  rate 
C  -  exponent  of  rate  slope 

This  is  a  multi-variant  cost  estimating  relationship 
with  two  independent  variables,  cumulative  production 
quantity  and  annual  production  quantity,  or  in  other  words, 
production  rate.  Learning  is  related  to  cumulative 
production  quantity.  Rate  is  related  to  annual  production 
rate. 
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People  that  work  with  contracts  and  real  data  have  a 
feeling  that  production  rate  is  an  important  cost  factor. 

For  instance I  if  a  production  program  gets  annual  quantities 
reduced,  the  program  management  staff  expects  an  increase  in 
unit  price  although  a  cost  estimating  relationship  using 
learning  only,  that  is,  without  a  rate  factor,  would  not  show 
an  increase  in  price. 

The  Selected  Acquisition  Report  addresses  rate  with  the 
reporting  of  Maximum  Economic  Rate  for  production  in 
section  17,  Production  Rate  Data.  DOD  5000. 2~M,  Department 
of  Defense  Manual,  Defense  Acquisition  Management 
Documentation  and  Reports,  Part  17,  Attachment  1  and 
Attachment  2,  Selected  Acquisition  Report  Preparation 
Instructions,  February  1991  gives  the  following  definition! 

KaxiBum  Economic  Production  Rate  is  defined  as  the 
production  rate  at  which  the  lowest  unit  cost  is 
attainable  with  the  facilities  and  tooling  currently 
programed  to  be  available. 

The  SAR  Handbook  addresses  rate  with  the  following 
daflnitiont 

Minimum  Sustaining  Production  Rate  is  defined  as  the 
production  rate  necessary  to  keep  production  lines  open  while 
maintaining  a  responsive  vendor/supplier  base.  Any  reduction 
in  production  below  the  minimum  sustaining  rate  causes  a 
dramatic  rise  in  unit  cost. 

Cost  analysts  that  develop  cost  estimating  relationships 
with  historical  data  usually  assume  a  single  independent 
variable,  cumulative  production,  and  disregard  production 
rate,  that  is,  learning  is  the  only  factor  that  affects  cost; 
rate  has  no  affect.  This  is  a  convenient  and  simplistic 
asB\imption.  Their  resulting  cost  estimating  relationship  is 
like  the  blind  man's  description  of  an  elephant;  if  ha  grabs 
the  elephant's  tail  he  says  an  elephant  is  like  a  rope;  if  he 
grabs  the  elephants  leg,  ha  says  an  elephant  is  like  a  tree. 
This  is  after-the-fact  cost  estimating. 

For  cost  analysts  that  must  estimate  future  costs,  and 
the  important  word  is  future,  using  cumulative  production 
quantity  or  learning  without  consideration  for  annual 
production  rate  leads  to  erroneous  cost  estimates.  This  is 
before-the-fact  cost  estimating. 
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With  the  information  I  am  about  to  show  you,  you  will 
see  that  annual  production  rata  has  a  much  greater  affect  on 
cost  than  cumulative  production  quantity  or  learning.  You 
will  see  that  cumulative  production  quantity  or  learning  is  a 
relatively  minor  factor. 

2.  Actual  Data 

Actual  coat  data  submitted  to  Air-to-Ground  Missile 
Systema  Project  Office  will  illustrate  the  importance  of 
production  rate.  For  each  fiscal  year,  the  contractor 
provided  to  AGMS  Project  Office  a  yearly  cumulative  average 
unit  price  in  then-year  dollars  for  each  quantity  of  missiles 
in  each  fiscal  year,  similar  to  as  show  in  figure  1. 

This  cost  data  is  taken  from  Contract  DAAH01-90-C-0323, 
Modification  PZ0004,  Attachments  10,  11,  12,  and  13. 

3.  Data  Manipulation 

I  took  the  price  data  which  was  submitted  to  Air-to- 
Ground  Missile  Systems  Project  Office  in  escalated  dollars 
and  converted  them  to  FY93  constant  dollars  to  prepare  the 
data  for  log-linear  regression.  Next  I  take  the  logarithm  of 
these  constant  dollars  values  and  annual  production 
quantities.  I  used  Lotus  1-2-3  to  perform  single  variant 
log-linear  regression.  The  independent  variable  is  annual 
cumulative  production  quantity,  X.  The  dependent  variable, 
Y,  is  the  cumulative  average  unit  cost  with  respect  to  one 
annual  lot.  These  regressions  gives  me  the  first  unit  cost 
and  slope  for  each  year  individually.  The  graph  of 
Hellfire  II  missiles  unit  price  verses  quantity  for  the 
Individual  years  are  shown  on  the  figure  2. 

To  quantify  the  affects  of  two  independent  variables, 
learning  and  production  rate,  multi-variant  log-linear 
regression  was  performed  on  the  price  data.  The  independent 
variables  are  cumulative  production  quantity,  QC,  and  annual 
production  rate,  QA.  The  dependent  variable,  Y,  is  the 
cumulative  average  unit  price. 

For  the  regression,  I  normalized  the  production  rate 
quantity,  QA.  In  the  case  of  Hellfire  II,  I  normalized  QA 
such  that  6,300  units  in  a  year  equals  1.  For  instance, 

2,100  normalized  equals  0.33.  The  quantity  sf  6,300  is  the 
Maximum  Economic  Rate.  The  reason  for  normalizing  QC,  is 
that  in  the  equation  Y  -  FUC  *  [  QC  "  B  ]  *  [  QA  *  C  ] ,  the 
production  rate  term,  QA'^C,  equals  1  and  has  no  effect  when 
Maximum  Economic  Rate  occurs;  only  learning  has  an  effect. 
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Intuitive,  this  makes  good  sense  to  me,  but  it  is  not  totally 
necessary.  The  predicted  cost  is  exactly  the  same  value 
irregardless  of  whether  the  production  rate  factor  is 
normalized  or  not. 

I  used  Lotus  1-2-3  to  perform  multi-variant  log-linear 
regression.  The  actual  and  regression  average  unit  price 
verses  quantity  of  Hell fire  ll  missiles  are  shown  on 
figure  3. 

4 .  Analysis 

Figure  4  shows  the  coefficients  due  to  learning,  rate, 
and  the  product  of  learning  and  rate.  The  graph  in  figure  4 
clearly  shows  rata  is  the  dominate  factor.  Learning  Is 
almost  constant  irregardless  of  cumulative  production 
quantity. 

The  values  of  first  unit  cost  and  slope  for  each  year 
and  the  combined  years  are  shown  on  figure  5  for  Hellfire  II 
Missile. 

Hellfire  II  missile  cost  data  shows  the  learning  factor 
has  a  98%  slope  and  production  rate  factor  has  an  85%  slope. 

A  Slope  value  of  98%  shows  that  Learning  is  an 
insignificant  factor  in  cost.  The  production  rate  factor  has 
an  overwhelmingly  more  important  affect  on  cost  than 
learning . 

Using  production  rate  as  a  cost  factor  provides  a 
plausible,  logical  explanation  and  justification  for  cost 
estimates.  Using  a  learning  factor,  without  regard  to  rate, 
sometimes  gives  ridiculous  cost  estimates. 

In  actual  practice,  Air-to-Ground  Missile  Systems 
Project  Office  uses  a  separate  cost  estimating  equation  for 
each  individua]  year  rather  than  one  equation  for  all  years. 
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5 .  Examples 

Example  1  -  Stretched-out  Production  Program  -  Cost  Impact 
The  following  is  an  example  of  how  a  stretched-out 
production  program  impacts  cost.  In  this  example ^  cumulative 

?  reduction  quantity  remains  the  same,  but  the  production  rate 
s  reduced  by  50%  from  the  original  plan.  Intuitively, 
stretching-out  a  production  program  should  increase  total 
costs,  but  using  learning  factor  only,  and  disregarding 
production  rate,  we  will  have  a  2%  increase  in  cost  in  a 
stretohed-out  program  over  the  original  compressed  production 
schedule.  This  2%  is  due  to  inflation.  For  example  figure  6 
shows  cost  with  learning  only  and  it  shows  the  same  program 
with  learning  and  production  rate  as  a  factor.  The  cost  are 
veiry  different  between  the  two  different  scenarios.  The 
"learning  and  rate"  cost  estimate  is  21%  more  for  the  same 
quantity,  but  slower  production  rate.  By  using  "learning 
only"  we  would  have  under-estimated  cost  by  16%.  The  cost 
estimate  where  rate  is  a  factor  gives  a  more  accurate  and 
plausible  cost  estimate.  To  perform  better  cost  estimates, 
we  need  to  show  the  affect  of  production  rate.  Production 
rata  substantial  below  maximum  economic  rate,  increases  unit 
production  costs. 

Example  2  -  low  coefficient  of  determination,  R''2 
In  the  following  example,  the  coefficient  of 
determination,  R^2,  is  shown  to  have  a  low  value  due  to  not 
taking  production  rate  into  account.  The  coefficient  of 
determination,  R‘'2,  is  a  measure  of  the  closeness  of  fit  of 
the  prediotion  equation  to  the  actual  data.  In  the  cost 
world,  a  low  R''2  means  our  prediction  equation  is  unreliable, 
and  there  is  a  weak  relationship  between  quantity  and  price. 

The  regression  of  the  maximum  quantities  in  all  years 
gives  an  R''2  value  of  .63. 

The  regression  of  minimiun  quantities  in  all  years  gives 
an  R''2  value  of  .2. 

We  have  an  R''2  of  .96  using  the  same  points  and  having 
prior  knowledge  of  the  affect  of  rate  and  learning. 

Figure  7  shows  these  curves. 
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6.  ConcluBlon 

For  manufacturing  costs,  we  should  be  using  the  equation 
COST  ■  FUC  *  (QCB)(QA''C)  where  QC  equals  cumulative  quantity 
and  QA  equals  annual  production  quantity.  Or  in  other  words, 
QC‘*'B  is  the  learning  factor  and  QA'^C  is  the  rate  factor. 

New  major  weapon  systems  should  have  rate  as  a  factor  in 
estimating  future  manufacturing  costs.  A  means  to  determine 
the  rate  and  learning  factors  is  to  have  this  a  part  of  the 
Design-To-Cost  Program. 

Production  rate  at  maximum  economic  rate  decreases  unit 
production  costs. 

Producing  the  same  quantity  over  more  years  will 
increase  unit  costs. 

A  decrease  in  production  rate  should  increase  unit 
production  price,  but  using  "learning  factor  only",  we  would 
NOT  have  an  increase  in  unit  production  costs,  which  is 
wrong . 

Cumulative  production  quantity,  or  experience,  does  not 
cause  cost  reductions,  but  rather  cumulative  production 
quantity  (experience)  provides  an  opportunity  to  reduce  costs 
by  alerting  management  of  opportunities  to  reduce  cost.  Left 
unmanaged,  costs  increase.  Cost  reductions  are  duo  to  a 
concerted  effort  to  lower  costs. 

I  would  like  to  mention  that  using  learning  and  rata 
factors  are  available  on  the  new  Department  of  Defense 
Baseline  Cost  Model  ACEZT.  They  are  also  available  on 
MICOM's  Pices. 


Page  6 


Learning  and  Production  Rate  in  Cost  Estimating 


7.  References 

HELLPIRB  Optimized  Missile  System  (HOMS) 

Martin  Marietta  Corporation 

Contract  DAAH01>90-C-0323 ,  Modification  PZ0004 
Attachments  10 r  11,  12,  and  13 
Prices  for  Production  Options 
dated  December  1989 

DOD  5000. 2-M,  Department  of  Defense  Manual,  Defense 
Acquisition  Management  Documentation  and  Reports,  Part  17, 
Attachment  1  and  Attachment  2,  Selected  Acquisition  Report 
Preparation  Instructions,  February  1991 

Selected  Acquisition  Report  Handbook 


Pago  7 


Learning  and  Production  Rate 
in  Cost  Estimating 

FIGURES 


First  Fiscal  Year  Procurement. 


Quantity 

Price 

(TY$) 

1,300 

$32,903 

1,501 

$32,900 

1,502 

$32,896 

1,503 

4 

$32,893 

• 

5)000 

$27,400 

Second  Fiscal  Year  Procurement 


Quantity 

Price 

(TY$) 

2,000 

$28,780 

2,001 

$28,778 

2,002 

$28,776 

2,003 

• 

$28,773 

• 

6,000 

$24)407 

Third  Fiscal  Year  Procurement 


Quantity 

Price 

(TY$) 

2,500 

$27,832 

2,501 

$27,831 

2,502 

$27,829 

2,503 

4 

$27,827 

• 

6,000 

$24,407 

figure 

1 

(Thousands) 

Quantity  of  Missiles 

FY^5  +  FY94  O  PfSS  A  FY96 


Actual  Price 


HELLFIRE  II 

Learning  and  Rate  Factor 


(Thousands) 

Quantity  of  Missiles 

factor  O  rate  factor  X  product  of  foctor 


HELLFIRE  II  Pric« 


year 


PY93 

PY94 

PY95 

FY96 

all  yaari 


PUC 

(PY93c$) 

learning 

elope 

rate 

elope 

$271,949 

$216,802 

$218,817 

$223,971 

84.0% 

85.0% 

85.0% 

85.0% 

$300,594 

97.6% 

85.2% 

figur*  5 


Procuramnt  Sctnarloi 


ORIGINAL  PLAN 

FY91 

FY94 

FYOS 

FY98 

TOTAL 

annual  quantity 

4.000 

4,000 

0 

0 

8,000 

coat  (nfY03c$) 

$132.1 

$128.9 

$0 

$0 

$281.0 

coat  (mTY$) 

$137.9 

$137.5 

$0 

$0 

$275.5 

LEARNING  FACTOR  ONLY  (without 

Rata  Factor) 

coat  - 

$38,218  *  (QC  *  .0.0176)  * 

qc 

REDUCE  RATE  BY  50% 

Chanqa 

annual  quantity 

2,000  2,000  2,000 

2,000 

8,000 

'50% 

production  rata 

cunailatlva  quantity 

2,000  4.000  6,000 

8,000 

8,000 

0% 

total  quantity 

coat  (mFYOSeS) 

$66.9  $68.2  $64.6 

$64.3 

$261.0 

0% 

coat  (nfY93e$) 

coat  (mni) 

$59.8  $69.5  $70.6 

$71.8 

$281.6 

2% 

coat  (laTYS) 

'Raduca  Rata  by  S0%*  acinar 1o  eauaai  a  2%  Incraaia  In  coat. 

LEARNING  AND  RATE 

FACTORS 

coat  •  $300,694 

•  (QC  •  (-0.036398) 

*  (QA- 

-.230850) 

*  QA 

REDUCE  RATE  6Y  50% 

Changa 

annual  quantity 

2,000 

2.000 

2,000 

2,000 

8,000 

•50% 

production  rata 

cumulatlva  quantity 

2,000 

4,000 

6.000 

8,000 

8,000 

0% 

total  quantity 

coat  (mFYOScS) 

$79.5 

$77.5 

$76.4 

$75.6 

$309.0 

18% 

coat  (ifYB3c$) 

coat  (mTY$) 

$82.9 

$82.7 

$83.4 

$84.3 

$333.4 

21% 

coat  (mTYS) 

'Rtduct  Rati  by  S0%'  tcararlo  ciuiit  a  coat  incraaia  of  $57.9  million  or  21%. 

Cotiparlng  Lurnlng  and  Rata  Scanarlo  to  Laarning  Only  Scanarlo 

'Raduca  Rata  by  50%'  scanarlo  cauaai  an  under>ait1mat1on  of  coat  of  $51.8  million  or  15%. 


figura  8 


minimum 


Learning  and  Production  Rate 
in  Cost  Estimating 

APPENDiX 


fU*  namu  a:\lotu8\lopaper\H0MS_FUC.wkl 


28.May-93 

08(20  AM 


r 


HELLFIRE  II  In  fY9Se$  for  FY9S  procuromant 


FY93mc$  to  FY93c$  convaralon 


X  Y 


Quantity 

{ 

Propoia 

Propoaa 

Ragrati 

FY93ate()(FY99eS)  < 

[FY93C() 

1 

(271,949 

1,747 

(43,340 

(41,613 

(41,813 

1,800 

(43,015 

(41,202 

(41,202 

2,000 

(41,689 

(40,124 

(40,123 

2,500 

(39,800 

(37,931 

(37,931 

3,000 

(37,824 

(36,230 

(38,230 

3,500 

(38,384 

(34,861 

(34,881 

4,000 

(38,161 

(33,698 

(33,898 

4,800 

(34,183 

(32,714 

(32,714 

5,000 

(33,289 

(31,887 

(31,887 

8,500 

(32,471 

(31,102 

(31,102 

8,970 

(31,799 

(30,489 

(30,4(9 

factor  • 

0.957854 

•  1  / 

109(X) 

1og(Y) 

dalta 

0.00000 

(0.17 

3.24229 

4.81819 

(0.06 

i. 25627 

4.61402 

(0.09 

3.30103 

4.80340 

($0.48) 

3.39794 

4.57899 

(0.19 

3.47712 

4.56907 

(0.02 

3.54407 

4.54221 

((0.12) 

3.60208 

4.52761 

($0.18) 

3.85321 

4.51473 

((0.14) 

3.60897 

4.50321 

(0.42  * 

3.74038 

4.49280 

((0.08) 

3.77641 

4.48371 

Rogroitlon  Output! 

CoMtant 

Std  Err  of  Y  Ett 
R  Squarad 

No.  of  Obiarvatloni 
Oagraai  of  Froadw 


8.4344875  (271,949 
0.0000030 
0.9099999 
11 
9 


X  Coafflclant(i)  -0.281769  ilopa  •  83.09% 

Std  Err  of  Coaf.  0.0000049 


Y  -  (271.949 

(30,459  -  (271,949 


X  *  h 

5,975  *  -0.25170 


1.0440 


Rtgraia 

1og(Y) 


5.43449 

4.61819 

4.81402 

4.80340 

4.57000 

4.55908 

4.54221 

4,52781 

4.51473 

4.80321 

4.49279 

4.48371 


r 


HEULFIRE  II  In  FY93c$  for  FY94  procurtwont 


FY94oic$  to  FY9Sc$  convorilon  fwtor  • 

0.937294 

-  1  / 

X 

Y 

•  loo(X) 

loo(Y) 

Quantity 

PropoM 

propoit  Rtgrtti  dalta 

« 

(FY04oic$)(FY93c$)  (FY93c$) 

* 

• 

1 

$216,802 

«  0.00000 

1,246 

$43,408 

$40,770  $40,771 

($0.29) 

•  3.09617 

4.61038 

1.600 

$41,639 

$39,028  $30,028 

$0.13 

«  3.17600 

4.69138 

2,000 

$38,923 

$38,482  $36,482 

$0.12 

«  3.30103 

4.56208 

2,600 

$36,939 

$34,823  $34,823 

$0.19 

*  3.39704 

4.63036 

3,000 

$38,303 

$33,174  $33,174 

($0.00) 

*  3.47712 

4.52070 

3,600 

$34,137 

$31,006  $31,908 

$0.36 

*  3.64407 

4.50610 

4,000 

$33,064 

$31,000  $31,010 

($0.30) 

*  3.60206 

4.49140 

4,800 

$32,183 

$30,166  $30,166 

($0.23) 

•  3.66321 

4.47950 

5,000 

$31,308 

$29,420  $29,420 

$0.06 

«  3.69807 

4.46878 

6,600 

$30,704 

$28,770  $28,770 

($0.07) 

*  3.74036 

4.45907 

6,000 

$30,084 

$28,198  $28,198 

($0.02) 

*  3.77818 

4.46021 

8,300 

$29,742 

$27,877  $27,877 

$0.18 

«  3.79934 

4.44625 

RiQrMtlon 

Output! 

Conitant 

6.3360620  $216,802 

Std  Err  of  Y  Eat 

0.0000020 

R  Squarad 

0.9999099 

No.  of  Obiarvatlont 

12 

OogrMi  of  Fraodoa 

10 

X  CoofflGlant(a)  • 

0.234466 

llopa  ■  86.008 

Std  Err  of  Coaf.  0.0000038 

Y  >  $216.a02 

$27,877  -  $218,802 


X  *  b 

8,300  ''  •0.23446 


1.0669 


Rigroii 

1O0(Y) 


S. 33606 
4.81035 
4.69138 
4.58208 
4.63936 
4.62079 
4.60610 
4.40160 
4.47951 
4.48878 
4.48907 
4.46021 
4.44624 


I 


r 


c 


HEUFIRE  iMn  FY9ScS  for  FY96  pfoeur«»nt 


FY98«tc$  to  FY93c$  convtrtlon  factor  - 


0.916788  -  I  / 


Quantity  PropoM  Propoio  R09r»*t  daUa 
(FY98Me$){FY95c$)  (FY93c$) 


$218,817 


1,245 

$44,886 

$41,150  $41,149 

$0.23 

1,600 

$42,967 

$39,390  $39,390 

$0.02 

2,000 

$40,164 

$38,821  $36,821 

($0.32) 

2,500 

$38,117 

$34,944  $34,944 

$0.02 

3,000 

$36,522 

$33,482  $33,482 

$0.12 

3.500 

$35,225 

$32,293  $32,293 

($0.38) 

4,000 

$34,140 

$31,296  $31,208 

$0.33 

4,500 

$33,210 

$30,U5  $30,445 

$0.25 

5,000 

$32,399 

$29,702  $29,702 

($0.34) 

5,800 

$31,683 

$29,046  $29,046 

($0.34) 

6,000 

$31,044 

$28,460  $28,459 

$0.42 

Ragraitlon 

Output 1 

Constant 

StO  Err  of  Y  Eit 

R  SRuarad 

No.  of  Obiarvatlont 

OagrMi  of  Frtadon 

• 

« 

1og(X) 

1og(Y) 

0.00000 

« 

3.09517 

4.61437 

3.17609 

4.59530 

« 

3.30103 

4.56609 

« 

3.39794 

4.54337 

• 

3.47712 

4.52481 

* 

3.54407 

4.50911 

• 

3.50206 

4.49552 

* 

3.55321 

4.48352 

« 

3.50807 

4.47279 

* 

3.74035 

4.46308 

* 

3.77818 

4.45423 

5.3400607 

$218,817 

0.0000044 

0.9099900 

n 

9 


X  CoafflcUnt(a)  .0,234467  Hop#  •  86.00% 

Std  Err  of  Coof.  0.0000060 


Y  -  6218,817 

$28,469  -  $218,817 


X  *  6 

6,000  •  -0.23446 


1.0906 

Rtgrait 

loa(Y) 


6.34008 

4.61436 

4.69839 

4.66610 

4.64337 

4.52461 

4,50911 

4.49551 

4.48352 

4.47279 

4.46309 

4.45423 


t 


HEUftRE  mn  FY93cl  for  FY98  procureimnt 


FY96iic$  to  fY9Sc$  convonlon  fmtor 
X  Y 

Qmntity  Propoio  Propoia  Rograti  dtiu 
(FY95oie|){FY93eJ)  (FY9k$) 


$49,989 

$44,992 

$48,020 

$39,976 

$36,209 

$36,693 

$39,717 

$39,462 


$223,971 
$42,119  $42,120 


$40,319 

$37,669 

$39,766 

$34,271 


$40,319 

$37,689 

$36,766 

$34,271 


$33,069  $33,096 
$32,036  $32,036 
$31,629  $31,626 


($0.23) 

$0.10 

$0.16 

$0.09 

($0.12) 

$0.16 

$0.11 

($0.29) 


0.896941  -  1  /  l.llW 
1og(X)  1og(Y) 

1og(Y) 


0.00000 
3.09917 
3.17609 
3.30103 
3.39794 
3.47712 
3.9440V 
3. 60206 
3.61426 


4.62446 

4.60981 

4.67622 

4.69360 

4.63493 

4.91924 

4.90664 

4.60277 


9.35019 

4.62449 

4.60961 

4.87622 

4.99360 

4.93493 

4.91923 

4.60664 

4.90278 


nMraiilen  Output! 

Conttant  9.3801920  $223,971 

Std  Err  of  Y  Eit  0.0000024 

R  Squtrid  0.9999999 

Ho.  of  Oburvatlom  8 

Oaoroai  of  Fmdo«  8 


X  CooffICitntd)  -0.234464  llopo 
Std  Err  of  Coof,  0.0000047 


89.004 


Y 

$31,829 


$223,971 

$223,971 


b 

■0.23446 


flit  nunti  ttMotuiMopajMrVHOHS.HRl.wkl 


29>Nay-93 
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HELLFIRE  II  MUITI-VARIANT  REGRESSION 


Reortttlon  Output) 

Conitant 
Std  Err  of  Y  Eat 
R  Squartd 

No.  of  ObiorvattOM 
Dtortta  of  Fretdom 

Loam  1  no 


5.477960  $300,594 
0.010587 
0.962173 
42 
39 

Rato 


X  Coaff(c1ant(t)  -0.035395  -0.23085 
Std  Err  of  Goaf.  0.0051563  0.007788 
tiopt  -  97.58%  85.21% 


COST  •  $300,694  *  (  QC  *  -0.035395  )  M  QA  ^  -0.23086  ) 


QC 

QA 

Y 

*1og(QC)1o(|(QA) 

loo(Y) 

Qty 

Qty 

Propoial 

Proposal  rtflrtiiion 

Itarn 

ratt 

factors 

Propost 

dalta  * 

Cunulatlva 

annual 

Prict 

Prict 

(FY93C$) 

factor 

factor 

product 

us 

* 

(m) 

(FY93c$) 

Raqrass 

* 

« 

1 

1 

$300,504 

1.00 

1.00 

1.00 

* 

0.000 

1,747 

1,747 

$43,340 

$41,613 

$41,180 

0.77 

0.18 

0.14 

0.8% 

$333  * 

3.242 

3.242 

4.618 

1,600 

1,600 

$43,016 

$41,202 

$40,884 

0.77 

0.16 

0.14 

0.8% 

$348  * 

3.255 

3.255 

4.615 

2,000 

2,000 

$41,880 

$40,124 

$30,724 

0.76 

0.17 

0.13 

1.0% 

$400  * 

3.301 

3.301 

4.603 

2,500 

2,500 

$39,600 

$37,931 

$37,433 

0.76 

0.16 

0.12 

1.3% 

$499  * 

3.396 

3.198 

4.579 

3,000 

3,000 

$37,624 

$36,230 

$35,660 

0.76 

0.10 

0.12 

1.6% 

$571  * 

3.477 

3.477 

4.559 

3,500 

3,500 

$36,384 

$34,851 

$34,226 

0.75 

0.15 

0.11 

1.8% 

$626  * 

3.544 

3.544 

4.542 

4,000 

4,000 

$36,181 

$33,698 

$33,029 

0.75 

0.15 

0.11 

2.0% 

$669  • 

3.602 

3.602 

4.528 

4,500 

4,500 

$34,163 

$32,714 

$32,010 

0.74 

0.14 

0.11 

2.2% 

$704  * 

3.653 

3.553 

4.515 

5,000 

5,000 

$33,259 

$31,867 

$31,124 

0.74 

0.14 

0.10 

2.3% 

$733  * 

3.699 

3.699 

4.503 

5,500 

5,500 

$32,471 

$31,102 

$30,344 

0.74 

0.14 

0.10 

2.4% 

$768  * 

3.740 

3.740 

4.493 

5,976 

5,976 

$31,799 

$30,469 

$29,681 

0.74 

0.13 

0.10 

2.6% 

$778  * 

3.776 

3.776 

4.484 

7.221 

1,246 

$43,498 

$40,770 

$42,349 

0.73 

0.19 

0.14 

-3.9%($1,978)* 

3.859 

3.095 

4.010 

7,476 

1,500 

$41,639 

$39,028 

$40,516 

0.73 

0.18 

0.13 

-3.8%($1.488)* 

3.874 

3.176 

4.591 

7,976 

2,000 

$38,923 

$30,482 

$37,826 

0.73 

0.17 

0.13 

-3.7%($1.345)* 

3.902 

3.301 

4.562 

8,476 

2,500 

$36,930 

$34,023 

$36,849 

0.73 

0.16 

0.12 

-3.S%($1,227)* 

3.928 

3.398 

4.539 

8,976 

3,000 

$35,393 

$33,174 

$34,302 

0.72 

0.16 

0.11 

-3.4%($1,128]* 

3.953 

3.477 

4.521 

9,476 

3,500 

$34,137 

$31,996 

$33,030 

0.72 

0.16 

0.11 

-3.3%($1,043)« 

3.977 

3.544 

4.505 

9,976 

4,000 

$33,084 

$31,009 

$31,976 

0.72 

0.15 

0.11 

-3.1% 

($969)* 

3.999 

3.602 

4.491 

10,476 

4,500 

$32,183 

$30,166 

$31,066 

0.72 

0.14 

0.10 

-3.0% 

($901)* 

4.020 

3.053 

4.480 

10,976 

5,000 

$31,398 

$29,420 

$30,270 

0.72 

0.14 

0.10 

•2.9% 

($841)* 

4.040 

3.699 

4.460 

11,476 

5,500 

$30,704 

$28,779 

$29,564 

0.72 

0.14 

0.10 

-2.7% 

($786)* 

4.000 

3.740 

4.459 

11,976 

6,000 

$30,084 

$28,198 

$28,933 

0.72 

0.13 

0.10 

-2.6% 

($735)* 

4.078 

3.776 

4.450 

12.270 

6,300 

$29,742 

$27,877 

$28,584 

0.72 

0.13 

0.10 

-2.54 

($707)*  4.089 

3.799 

4.445 

13.521 

1,245 

$a,886 

$41,150 

$41,419 

0.71 

0.19 

0.14 

-0.74 

($269)*  4.131 

3.095 

4.614 

13.776 

1,500 

$42,967 

$39,390 

$39,549 

0.71 

0.18 

0.13 

-0.74 

($259)*  4.139 

3.176 

4.595 

14.276 

2,000 

$40,164 

$38,821 

$37,054 

0.71 

0.17 

0.12 

-0.64 

($234)*  4.155 

3.301 

4.566 

14.776 

2,500 

$38,117 

$34,944 

$35,151 

0.71 

0.16 

0.12 

-0.64 

($207)*  4.170 

3.398 

4.64J 

15,270 

3,000 

$36,622 

$33,482 

$33,662 

0.71 

0.18 

0.11 

-0.54 

($181)*  4.184 

3.477 

4.526 

15,776 

3,500 

$35,225 

$32,293 

$32,449 

0.71 

0.15 

0.11 

-0.54 

($156)*  4.198 

3.644 

4.509 

16,276 

4,000 

$34,140 

$31,298 

$31,429 

0.71 

0.15 

0.10 

-0.44 

($131)*  4.212 

3.602 

4.496 

16,776 

4,500 

$33,210 

$30,446 

$30,583 

0.71 

0.14 

0.10 

•0.44 

($107)*  4.225 

3.653 

4.484 

17,276 

5,000 

$32,399 

$29,702 

$29,788 

0.71 

0.14 

0.10 

•0.34 

($06)*  4.237 

3.699 

4.473 

17,776 

5,500 

$31,683 

$29,046 

$29,110 

0.71 

0.14 

0.10 

-0,24 

($64)*  4.250 

3.740 

4.463 

18,276 

6,000 

$31,044 

$28,460 

$28,503 

0.71 

0.13 

0.09 

-0.24 

($43)*  4.262 

3.778 

4.454 

19,521 

1,245 

$46,959 

$42,119 

$40,684 

0.70 

0.19 

0.14 

2.94  $1,235  *  4.291 

3.095 

4.624 

19,776 

1,500 

$44,952 

$40,319 

$39,146 

0.70 

0.18 

0.13 

2.94  $1,175  *  4.266 

3.176 

4.606 

20,276 

2,000 

$42,020 

$37,689 

$36,597 

0.70 

0.17 

0.12 

2.94  $1,092  *  4.307 

3.301 

4.576 

20,776 

2,500 

$39,878 

$35,768 

$34,730 

0.70 

0.16 

0.12 

2.94  $1,039  *  4.318 

3.398 

4.553 

21,270 

3,000 

$38,209 

$34,271 

$33,270 

0.70 

0.16 

0.11 

2.94  $1,001  *  4.328 

3.477 

4.535 

21,776 

3,500 

$36,883 

$33,055 

$32,080 

0.70 

0.15 

0.11 

2.94 

$975  *  4.338 

3.544 

4.519 

22,270 

4,000 

$35,717 

$32,036 

$31,082 

0.70 

0.15 

0.10 

3.04 

$954  *  4.348 

3.602 

4.506 

22,390 

4,114 

$35,482 

$31,828 

$30,876 

0.70 

0.15 

0.10 

3.04 

$950  *  4.350 

3.614 

4.503 

file  nan:  e!\1otus\1opap«r\H0NS_HR2.«kl 
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HEUFIRE  II  HULTUVARIANT  REGRESSION 
Ragmiion  Output: 

ComUnt  4.6008S0  $39,889 

Std  Err  of  Y  Ett  0.010587 

R  Scjuarod  0.962173 

No.  Of  ObMrvottoM  42 

Oogrooi  of  FroMloa  39 

LMrning  Rato 

X  Coofficlont(t)  -0.0353  -0.23086 
Std  Err  of  Coof.  O.OOSIS  0.007788 
tiopo  -  97.58%  85.21% 

COST  -  $39,889  *  (  QC  “  -0.035395  )  *  (  QA  ^  -0.23086  ) 


oc 

QA* 

Y 

log(QC) 

loo(QA) 

1ofl(Y) 

Oty 

Qty 

Propoial 

Propotal  rtgresilon  learn 

rate 

factori  Propose 

delta 

uUtIve  annual 

Price 

Price 

(FY93C$) 

factor 

factor 

product 

VI 

(TYS) 

(FYS3e$) 

Reoress 

1 

0.0002 

$300,694 

l.OO 

7.54 

7.54 

0.000 

-3.799 

1,747 

0.277 

$43,540 

$41,513 

$41,180 

0.77 

1.34 

1.03 

0.8% 

$333 

3.242 

•0.557 

4.618 

1,600 

0.288 

$43,018 

$41,202 

$40,854 

0.77 

1.34 

1.02 

0.8% 

$348 

3.255 

-0.544 

4.618 

2,000 

0.317 

$41,860 

$40,124 

$39,724 

0.76 

1.30 

1.00 

1.0% 

$400 

3.301 

-0.496 

4.603 

2,500 

0.397 

$39,600 

$37,931 

$37,433 

0.76 

1.24 

0.94 

1.3% 

$499 

3.396 

•0.401 

4.579 

3,000 

0.476 

$37,824 

$36,230 

$35,669 

0.75 

1.19 

0.89 

1.6% 

$571 

3.477 

•0.322 

4.559 

3,500 

0.556 

$36,384 

$34,851 

$34,225 

0.75 

1.15 

0.86 

1.8% 

$626 

3.544 

•0.258 

4.542 

4,000 

0.635 

$35,181 

$33,698 

$33,029 

0.75 

1.11 

0.83 

2.0% 

$669 

3.602 

-0.197 

4.528 

4,500 

0.714 

$34,153 

$32,714 

$32,010 

0.74 

1.08 

0.80 

2.2% 

$704 

3.653 

-0.146 

4.S1S 

5,000 

0.794 

$33,259 

$31,857 

$31,124 

0.74 

1.05 

0.78 

2.3% 

$733 

3.699 

-0.100 

4.503 

5,500 

0.873 

$32,471 

$31,102 

$30,344 

0.74 

1.03 

0.76 

2.4% 

$758 

3.740 

-0.059 

4.493 

5,976 

0.949 

$31,799 

$30,459 

$29,681 

0.74 

1.01 

0.74 

2.6% 

$778 

i.in 

-0.023 

4.484 

7,221 

0.198 

$43,498 

$40,770 

$42,349 

0,73 

1.45 

1.00 

-3.1l%($1.578) 

3.859 

-0.704 

4.610 

7,476 

0.238 

$41,639 

$39,028 

$40,516 

0.73 

1.39 

1.02 

•3.8%($1,488) 

3.874 

-0.623 

4.591 

7,976 

0.317 

$38,923 

$36,482 

$37,826 

0.73 

1.30 

0.95 

-3.7%($1.343) 

3.902 

•0.498 

4.562 

3,476 

0.397 

$36  939 

$34,623 

$35,849 

0.73 

1.24 

0.90 

-3.$%($1.227) 

3.028 

-0.401 

4.539 

8,976 

0.476 

$35,393 

$33,174 

$34,302 

0.72 

1.19 

0.86 

-3.4%($1,12B) 

3.953 

-0.322 

4.421 

9,476 

0.SS6 

$34,137 

$31,996 

$33,039 

0.72 

1.15 

0.83 

-3.3%($1.043) 

3.977 

-0.256 

4.505 

9,976 

0.635 

$33,084 

$31,009 

$31,978 

0.72 

1.11 

0.80 

•3.1% 

($969) 

3.999 

-0.197 

4.491 

10,475 

0.714 

$32,183 

$30,165 

$31,066 

0.72 

1.08 

0.78 

•3.0% 

($901) 

4.020 

-0.146 

4.480 

10,976 

0.794 

$31  398 

$29,429 

$30,270 

0.72 

1.05 

0.76 

-2.9% 

($841) 

4.040 

-O.ICO 

4.469 

11,476 

0.873 

$30,704 

$28,779 

$29,564 

0.72 

1.03 

0.74 

-2.7% 

($786) 

4.060 

-0.059 

4.459 

11,975 

0.952 

$30,084 

$28,198 

$28,933 

0.72 

1.01 

0.73 

-2.6% 

($735) 

4.078 

-0.021 

4.450 

12,276 

1.000 

$29,742 

$27,677 

$28,584 

0.72 

1.00 

0.72 

•2.5% 

($707) 

4.089 

0.000 

4.445 

13,521 

0.198 

$44,886 

$41,150 

$41,419 

0.71 

1.45 

1.04 

-0.7% 

($269) 

4.131 

■0.704 

4.614 

13,776 

0.238 

$42,967 

$39,300 

$39,649 

0.71 

1.39 

0.99 

-0.7% 

($269) 

4.139 

-0.623 

4.595 

14,276 

0.317 

$40,164 

$36,821 

$37,054 

0.71 

1.30 

0.93 

-06* 

($234) 

4.155 

-0.494 

4.566 

14,776 

0.397 

$38,117 

$34,944 

$35,151 

0.71 

1.24 

0.88 

-C.6% 

($207) 

4.170 

-O.401 

4.543 

15.770 

0.476 

$36,522 

$33,482 

$33,682 

0.71 

1.19 

0.84 

-0.5% 

($181) 

4.184 

-0.322 

4.525 

15,776 

0.556 

$38,228 

$32,293 

$32,449 

0.71 

1.15 

0.81 

-0.5% 

($156) 

4.198 

-0.255 

4.509 

16,276 

0.635 

$34,140 

$31,298 

$31,429 

0.71 

1.11 

0.79 

.0.44 

($131)  • 

4.212 

•‘0.197 

4,498 

16,776 

0.714 

$33,210 

$30,448 

$30,563 

0.71 

1.08 

0.77 

.0.44 

($107)  * 

4.225 

.0.140 

4.484 

17,278 

0.794 

$32,399 

$29,702 

$29,788 

0.71 

1.06 

0.76 

.0.34 

($88)  * 

4.237 

.0.100 

4.473 

17,776 

0.873 

$31,683 

$20,046 

$29,110 

0.71 

1.03 

0.73 

•0.24 

($84)  * 

4.260 

-0.059 

4.483 

18,276 

0.962 

$31.04) 

$28,460 

$28,603 

0.71 

1.01 

0.71 

.0,24 

($43)  * 

4.262 

•0.021 

4.484 

19,521 

0.198 

$46,959 

$4?, 119 

$40,884 

0.70 

1.45 

1.02 

2.94  $1,235  * 

4.291 

.0.704 

4.624 

19,776 

0.238 

$44,962 

$40,319 

$39,146 

0.70 

1.39 

0.98 

2.94  $1,175  * 

4.296 

•0.623 

4.608 

20,276 

0.317 

$42,020 

$37,689 

$36,597 

0.70 

1.30 

0.92 

2.94  $1,092  * 

4.307 

.0.498 

4.576 

20,776 

0.397 

$39,878 

$35,768 

$34,730 

0.70 

1.24 

0.87 

2.94  $1,039  * 

4.318 

•0.401 

4.563 

21,276 

0,476 

$38,209 

$34,271 

$33,270 

0.70 

1.19 

0.83 

2.94  $1,001  « 

4.328 

•0.322 

4.535 

21,776 

0.&&6 

$36,863 

$33,055 

$32,080 

0.70 

1.15 

0.80 

2.94 

$975  • 

4.338 

•0.255 

4.510 

22,276 

0,636 

$35,717 

$32,036 

$31,082 

0.70 

1.11 

0.78 

3.04 

$954  * 

4.348 

•0.197 

4.506 

22,390 

0.653 

$36,482 

$31,826 

$30,876 

0.70 

1.10 

0.77 

3,04 

$960  * 

4.350 

•0.165 

4.503 

*  QA  nonniXzed  by  dividing  by  tht  imxlnuffl  nconomle  rnti.  6,300. 
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HELLFIRE  II 

HAXIHUM  YEARLY  QUANTin 


X 

Y 

log(X) 

year 

annuel 

CUM 

propoaa  propoie  lot  coat 

CUB 

ragreti 

delta  * 

qty 

qty 

unit  eoit  unit  eost 

average 

(FY9SC$) 

(Eac$)  (FY93e$) 

price 

(FY93c$) 

1 

$30,594 

0.000 

FY98 

5,976 

5,976 

$31,799  $30,459  $182,021,862 

$30,459 

$30,221 

$237  • 

3.776 

FY94 

6,300 

12.276 

$29,742  $27,877  $175,625,269 

$29,134 

$29,547 

($413)  * 

4.089 

FY96 

6,000 

18,276 

$31,044  $28,460  $170,759,076 

$28,913 

$29,181 

($268)  * 

4,262 

FY98 

4,114 

22,390 

$35,482  $31,825  $130,929,185 

$29,448 

$28,995 

$452  * 

4.350 

Rtgreitlon  Outputs 

Coni Cant 

4.598722 

$39,694 

Std  Err  of  Y  Eit 

0.007422 

R  Squared 

0.631481 

No.  of  Oburvatlont 

4 

Oegreei  of  Freedot 

2 

X  Coefflelant(i)  >0.031354353 
Std  Err  of  Coef.  0.0169368148 

Slope 

97.85% 

HELLFIRE  II 

MINIHUM  YEARLY  QUANTITY 


X 

Y 

1og(X) 

year 

annual 

cun 

propose  propoie 

lot  cost  cun 

regress 

delta  * 

qty 

qty 

unit  cost  unit  cost 

average 

(FY93c$) 

(Eic$)  (FY93c$) 

price 

(FY93c$) 

1 

$42,492 

0.000 

FY93 

1,747 

1,747 

$43,340  $41,513 

$72,523,927  $41,513 

$41,417 

$96  * 

3.242 

FY94 

1,245 

2,992 

43,496  $40,770 

$50,759,218  $41,204 

$41,341 

($137)  * 

3.476 

FY9S 

1,245 

4,237 

44,886  $41,150 

$51,231,271  $41,106 

$41,292 

($103)  * 

3.627 

FY96 

1,245 

5,482 

46,959  $42,119 

$52,438,743  $41,400 

$41,255 

$145  * 

3.739 

Regression  Outputs 

Constant 

4.628309 

$42,492 

Std  Err  of  Y  Est 

0.001813 

A  Squared 

0.198725 

No.  of  Observations 

4 

Degrees  of  Freedon 

2 

28^y>R3 
OStOO  AH 


loo(Y) 


4.484 

4.464 

4.461 

4.46B 


'og(Y) 


4.618 

4.616 
4.615 

4.617 


X  Cotff1ctent(i}  >0.003431930  slope 
Std  Err  of  Coet.  0.0048728927 


99.76% 
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HELLFIRE  11 


YEARLY  PROWICTIOH  QUANTITY 
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Learning  and  Production  Rate  in  Coat  Estimating 

Theme  Topic 

Innovative  Estimating  Techniques  for  Business  Base  Changes  & 
Related  Overhead  Impacts 

Abstract 

Production  rate  is  a  very  important  factor  in 
estimating  manufacturing  costs.  Actual  price  data  shows 
that  production  rate  has  a  much  greater  affect  on  cost  than 
learning.  Hellfire  missile  price  data  shows  that  the 
production  rate  slope  is  85%  and  the  learning  slope  is  98%. 

Cost  analysts  frequently  use  learning  as  the  only 
variable  in  creating  cost  estimating  relationships  from 
historical  data  bases  for  manufacturing  costs.  Predicting 
future  costs  due  to  changes  in  annual  and  cumulative 
production  quantities  should  use  both  learning  and  production 
rate  to  prevent  erroneous  cost  estimates.  Large  errors  in 
predicting  cost  and  quantities  can  result  due  to  ignoring 
rate. 

When  production  rate  is  considerable  less  than  Maximum 
Economic  RatSi  which  is  frequent  in  U  S  Army  weapon  systems 
production/  then  production  rate  should  be  a  factor  in 
manufacturing  cost  estimates.  High  production  rate  lowers 
unit  cost/  and  vice  versa  low  production  rate  increases  unit 
production  cost.  By  quantifying  the  production  rate  factor 
and  learning  factor/  wo  can  spend  the  taxpayer's  money  more 
wisely  and  plan  smarter  procurement  strategies. 

How  Subject  Relates  to  Theme 

Lower  production  rate  is  a  frequent  reaction  to 
cutting  current  costs /  but  this  usually  results  in  a  higher 
unit  production  cost  due  to  the  government  and  contractor's 
fixed  costs  or  business  base.  Production  rate  is  shown  to 
have  a  much  greater  impact  than  learning  in  manufacturing 
cost  estimating  relationships  and  unit  production  costs. 
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EXPERIENCES 

9/86-present  U  S  Department  of  Defense,  operations  research 
analyst 

10/83-  9/86  Markell  Oil  Company,  Oklahoma  City,  OK 

Geophysical  consulting.  Economic  evaluation  of 
"distress  sale"  oil  and  gas  wells  and  recommend 
bid,  negotiate  joint  ventures,  try  to  collect 
accounts  receivable. 
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9/71-12/75  Seismograph  Service  Corp,  Tulsa,  OK 

Supervisor  of  scientific  computer  data 
processing  center  (5  men),  party  chief  of 
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